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Direct induction of functional neurons from adult human retina
derived fibroblast-like cells
Lili Hao, Zhen Xu, Wu Luo, Youchen Yan, Hui Sun, Shuyi Chen.
ZhongShan Ophthalmic Center, Sun Yat-sen University, Guangzhou,
China.
Purpose: Resent works have shown that mouse and human
fibroblasts can be directly reprogrammed into functional neurons by
forced expression of neurogenic transcription factors. We recently
established a culture protocol to expand fibroblast-like cells from
adult human retina. In this study, we wanted to test whether the
fibroblast-like cells derived from adult human retina could be directly
converted into functional neurons by neurogenic transcription factor
combination.
Methods: Adult human retina tissues were obtained from the
Eye Bank of Guangdong Province, dissociated into single cells,
and expanded in serum containing culture medium. Doxycyclineinducible lentiviruses were used to introduce and control the
expression of neurogenic transcription factors to the cells. Neuronal
cell induction was examined by immunostaining for a variety of
neural specific proteins, such as TUJ1, MAP2, GABA, vGLUT1,
and the neural functions of the induced cells were examined through
patch clamp recording.
Results: Cells expanded from adult human retinasexhibited
fibroblast-like morphology and culture behavior, expressed high
levels of fibroblast cell markers suggesting a fibroblast cell identity,
thus was term hRFLC for human Retina derived Fibroblast Like
Cells. Ascl1 alone was able to induce TUJ1/MAP2-positive neuronlike cells with immature phenotype from hRFLCs. However,
Ascl1+Brn2+Mytl1+NeuroD1, the neurogenic transcription factor
combination previously shown to be sufficient to induce functional
neuronal cells from fetal and neonatal human fibroblasts, failed to
improve the neural induction phenotype from hRFLCs than Ascl1,
instead, Co-infection with Pax6 greatly increased the yield of the
induce neurons with mature morphology. More importantly, most
Ascl1+Pax6 induced neuronal cells exhibited active neural membrane
electrophysiological activities, over half of them fired recurrent
action potentials when co-cultured with mouse glia cells, and formed
function synaptic connections with co-cultured mouse cortical
neurons.
Conclusions: Fibroblast-like cells (hRFLCs) can be easily expanded
from adult human retinal tissues. Ascl1+Pax6 combination is
sufficient to directly reprogram hRFLCs into functional neuronal
cells.
Commercial Relationships: Lili Hao, None; Zhen Xu, None;
Wu Luo, None; Youchen Yan, None; Hui Sun, None; Shuyi Chen,
None
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Exploring mouse retinal ganglion cell diversity within iPSC
derived optic cups
Julia Oswald, Petr Baranov. affiliate of Harvard Medical School,
Schepens Eye Research Institute, Massachusetts Eye and Ear, Boston,
MA.

Purpose: In glaucoma and other optic neuropathies, transplantation
of retinal ganglion cells (RGCs) has been proposed as a universal
approach to achieve neuroprotection and cell replacement.
Experiments addressing axon regeneration furthermore demonstrated
a correlation between functional recovery and specific RGC subtypes,
including direction selective RGCs (DSGCs) and α-RGCs. Hence,
to address the possibility of subtype-specific RGC transplantation
we have studied the diversity of RGCs in retinas, derived from
differentiated optic cups, originating from mouse embryonic (mES)
and induced pluripotent stem cells.
Methods: In this study we compared retinal ganglion cell
populations amongst a mouse derived, Thy1-GFP iPS cell line and a
mouse ES cell line (both on C57Bl/6 background). Using both cell
lines, optic cups were generated in-vitro using a three-dimensional
approach, aided by Matrigel. After optic cup maturation, Thy1+ cells
were isolated by either magnetic micro-beads targeting Thy1 or
fluorescence activated cell sorting (FACS) for Thy1-GFP at day 16 or
day 21 of culture. Subsequently, the isolated Thy1+ cell populations
were characterized by RT-PCR and Flow-Cytometry for expression
of subtype specific RGC markers. Following re-plating, Thy1+ cells
were characterized by immunocytochemistry and calcium imaging.
Results: Following the generation of defined optic cup structures
from both, mouse ES and iPS cells, Thy1+ cells isolated by magnetic
micro-beads and FACS were shown to express a diverse set of retinal
ganglion subtype specific markers. Theses included HoxD10, Fstl4
(for ON DSGCs), Spp1, Kcng4 (ON/OFF α-RGCs) as well as CART,
Cdh6, Mmp17 (ON-OFF DSGCs) and JAM2 for OFF J-RGCs.
While J-RGCs and α-RGCs were most abundant, both DSGCs and
melanopsin (Opn4)-positive RGCs could also be detected. After
re-plating Thy1+ RGCs developed characteristic morphology and
functionality in-vitro. Notably, ES- and iPS-derived optic cups
displayed comparable RGC diversity across experiments.
Conclusions: Retinal tissue, derived from in-vitro differentiated optic
cups is a reliable source of various RGC subclasses. RGCs isolated
from those may be used for transplantation studies addressing the
subtype-specific effect of RGCs towards neuroprotection and cell
replacement.
Commercial Relationships: Julia Oswald; Petr Baranov, None
Support: Shore/Alice Adler fellowship
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3D Retinal Cups from Human iPS Cells Display Differentiated
Subtypes of Amacrine Cells and Immature Synaptic Contacts
Dunja Lukovic1, Ana Artero Castro1, Laura Campello2,
Nicolás Cuenca2, Slaven Erceg1. 1National Stem Cell Bank, Research
Center Principe Felipe, Valencia, Spain; 2Department of Physiology,
Genetics and Microbiology, University of Alicante, Alicante, Spain.
Purpose: Self-organizing 3D retinas derived from patient–specific
iPS cells offer unprecedented opportunities to study the human
retinal biology, as well as serve to develop in vitro models of human
retinal diseases allowing to study the molecular mechanisms of these
pathologies and potential therapeutic treatments. Here, we performed
a detailed cellular and ultrastructural analysis of human 3D retinas in
order to define the maturation stages and organizational features of
this tissue.
Methods:
iPS cells were generated by reprogramming human fibroblasts from
a healthy individual and directed to differentiate toward neural
retina in 3D cell culture. In the initial stage of photoreceptor outer
segment formation, 3D retinal cups were analyzed by confocal
immunohistochemistry and transmission electron microscopy.
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Results: The iPS-derived 3D neural retina exhibited the complex
laminar morphology of a mature retina. Rod and cone photoreceptors
were recognized using antibodies against rhodopsin and cone
arrestin and these cells presented an inner and outer segment under
development. The existence of disks in the incipient outer segments
was observed by electron microscopy. Horizontal cells were properly
located in the inner nuclear layer, evidenced by the specific marker
parvalbumin, and their dendrites were decorated with spots of ribeye
immunoreactivity. The synaptic marker synaptophysin was expressed
by photoreceptors. Small ribbon synapses were observed in the outer
plexiform layer using electron microscopy, which indicates potential
incipient synaptic contacts formation. Müller cells displayed their
normal columnar retinal structure while astrocytes showed immature
morphologies. Different types of amacrine cells, dopaminergic,
starburst and AII cells, were detected indicating advanced stage of
retinal differentiation. Collagen IV immunoreactivity was found
filling the empty spaces of the tissue and in the circular structures of
the center of 3D retinal cups.
Conclusions: The identification of advanced photoreceptor
morphology as well as different subtypes of amacrine cells, glial
cells and well defined retinal layering point out the complex degree
of development that can be reached by 3D cell culture of patientspecific iPS cells. The presence of synaptic ribbons suggests that
the photoreceptors are capable of signal neurotransmission to their
postsynaptic neurons.
Commercial Relationships: Dunja Lukovic, None; Ana Artero
Castro, None; Laura Campello, None; Nicolás Cuenca, None;
Slaven Erceg, None
Support: PRB2, Plataforma de Recursos Biomoleculares y
Bioinformaticos, ISCIII, Spain; Ministerio de Economia, Industria y
Competitividad, ISCIII, PI16/00409, Spain.
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Modeling of autosomal dominant optic atrophy with human
embryonic stem cell derived retinal ganglion cells by
CRISPR-Cas9 mediated editing of OPA1
Jie Cheng1, Cynthia A. Berlinicke1, Valentin Sluch2, Xitiz Chamling1,
Donald J. Zack1. 1Ophthalmology, Wilmer Eye Institute, The
Johns Hopkins University School of Medicine, Baltimore, MD;
2
Department of Molecular Biology and Genetics, Johns Hopkins
University School of Medicine, Baltimore, MD.
Purpose: Autosomal dominant optic atrophy (DOA) is the most
commonly diagnosed inherited optic neuropathy, and there are
currently no treatments for this condition. Mutations in the OPA1
gene account for 50-60% of all DOA cases. OPA1 haploinsufficiency
was proposed to cause mitochondrial dysfunction, leading to retinal
ganglion cell (RGC) injury and death. To generate a human model
to study both the disease mechanism as well as for use in drug
discovery, we set out to make human embryonic stem cell (hESC)derived RGCs harboring OPA1 mutations.
Methods: CRISPR guide RNAs (gRNA) targeted to the first exon of
human OPA1 together with S. pyogenes Cas9 were transfected into an
H9-hESC line carrying a BRN3B-tdTomato reporter
(H9-Brx). CRISPR-Cas9 induced indels by non-homologous end
joining were identified through two rounds of colony selection,
followed by PCR-amplification of genomic DNA and sequencing.
Alteration in OPA1 protein expression levels were assessed by
Western blotting. CRISPR-edited hESC lines and congenic
H9-Brx line were differentiated into RGCs using a newly
developed large-scale RGC differentiation protocol. Differentiated
RGCs were evaluated by quantitative morphological analysis,
immunocytochemistry and qPCR.

Results: Two gRNAs were used to generate OPA1 mutations in
H9-Brx. Sequencing of genomic DNA revealed that mutation rate
was 52% (16/31) for gRNA1 and 29% (9/31) for gRNA2. Western
blotting of three clones with a frameshift mutation demonstrated a
54.6 ± 2.9 % reduction of OPA1 protein. These mutant clones were
differentiated to RGCs using a combination of small molecules. At
day 35, differentiated RGCs were immuno-purified. When compared
to RGCs derived from the parental H9-Brx, they exhibited similar
morphological properties, such as average neurite counts per cell and
average neurite length; they stained positive for neuron specific beta3-tubulin; and they expressed similar level of RGC markers BRN3B,
RBPMS and SPP-1 RNA.
Conclusions: In this study, we have generated several independent
lines of hESCs with OPA1 frameshift mutations. We demonstrated
that these hESCs can be differentiated into RGCs. Functional
evaluation of mutant cell lines is under way. The large-scale
production of OPA1 mutant RGCs paves the way for biochemical
analysis as well as drug discovery efforts for DOA and other RGCrelated neurodegenerative diseases.
Commercial Relationships: Jie Cheng, None;
Cynthia A. Berlinicke, None; Valentin Sluch, None;
Xitiz Chamling, None; Donald J. Zack, None
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Gene and cell therapy: combining two approaches to promote
neuroprotection and neuroregeneration in a model of optic nerve
injury
Gabriel Nascimento dos Santos, Leandro Coelho Teixeira Pinheiro,
Almir Jordão da Silva Júnior, Luiza Rachel Pinheiro de Caravalho,
Louise Alessandra Mesentier Louro, Rosalia Mendez Otero,
Hilda Petrs Silva, Marcelo Felippe Santiago. Instituo de Biofísica
Carlos Chagas Filho, Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brazil.
Purpose: After injury, the axons in central nervous system (CNS) do
not regenerate great distances and permanently lose their connections
to the brain. Two promising approaches to revert this challenging
condition are gene and cell therapies. In the present work, we
evaluated the neuroprotective and neuroregenerative potential of
pigment epithelium derived factor (PEDF) gene therapy together with
human mesenchymal stem cells (hMSCs) therapy in retinal ganglion
cells (RGC) survival and axonal outgrowth in a model of optic nerve
injury.
Methods: Adult (3-4 months old) Lister-Hooded rats underwent
unilateral optic nerve crush 30 days after AAV.PEDF or AAV.GFP
unilateral injection into the vitreous body. Immediately after crush,
hMSCs derived from umbilical cord Wharton’s Jelly were also
injected unilaterally into vitreous body. Twenty-eight days after
injury, RGC survival and axonal outgrowth were evaluated assessing
the estimated number of Tuj1-positive cells in flat-mounted retinas
and the number of axons anterogradely labeled with cholera toxin B
subunit conjugated with Alexa 488 (CTB-488), respectively.
Results: Twenty-eight days after crush, the combined therapy with
intravitreal administration of both hMSC and PEDF gene therapy
through adeno-associated viral vectors (AAV2.PEDF/hMSCs)
significantly (p<0.05) increased the number of Tuj1-positive cells/
retina (50.646 ± 4.661) when compared to control (AAV2.GFP/
hMSC) (31.966 ± 2.239). Furthermore, we noticed a significantly
(p<0.001) higher number of axons/nerve in AAV2.PEDF/hMSCs
group (1340 ± 180.0) when compared to AAV2.GFP/hMSCs
(626.7 ± 72.57), 0.25 mm beyond the lesion site.
Conclusions: The combined gene and cell therapy (AAV2.PEDF/
hMSCs) showed an expressive neuroprotective potential and was
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able to protect a higher number of RGC from death after injury,
when compared to control. Additionally, the axonal regeneration
of these surviving cells was higher in the treated group, 0.25 mm
beyond the lesion site. The molecular mechanisms by which PEDF
and hMSC are acting to promote these striking effects are now under
investigation.
Commercial Relationships: Gabriel Nascimento dos Santos,
None; Leandro Coelho Teixeira Pinheiro, None; Almir Jordão da
Silva Júnior, None; Luiza Rachel Pinheiro de Caravalho, None;
Louise Alessandra Mesentier Louro, None; Rosalia Mendez
Otero, None; Hilda Petrs Silva, None; Marcelo Felippe Santiago,
None
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Can cell-based therapy in patients with optic atrophy be
considered a biological visual rehabilitation?
Paolo G. Limoli1, Marcella Nebbioso2, Enzo Maria Vingolo3,
Marco U. Morales4, Celeste Limoli1, Sergio Zaccaria Scalinci5. 1Low
Vision Research Center of Milan, Milan, Italy; 2Department of Sense
Organs, Sapienza University of Rome, Rome, Italy; 3Department
of Ophthalmology, A. Fiorini Hospital, Terracina, Polo Pontino,
Sapienza University of Rome, Rome, Italy, Italy; 4Division of
Clinical Neurosciences, Academic Ophthalmology, University of
Nottingham, Nottingham, United Kingdom; 5Medical and Surgical
Science Departement, Policlinico S. Orsola-Malpighi - University of
Bologna, Bologna, Italy.
Purpose: Optic atrophy (OA) is usually the end-stage of many
diseases of the optic nerve. Up-to-date optical magnification devices
are the only option to improve visual abilities in patients with OA.
Recent studies have reported that growth factors (GF), directly or
in cell-mediated mode, can be responsible for neuroenhancement
effects. Among different techniques, Limoli Retinal Restoration
Technique (LRRT), builds a suprachoroidal autograft of adipocytes,
adipose-derived stem cells and platelets, able to produce directly into
the choroidal space GF and, consequently, retinal neuroenhancement.
We performed a retrospective, observational clinical study to explore
changes in the visual function of patients with OA treated with LRRT.
Methods: Inclusion criteria was stabilized OA. Exclusion criteria
the coexistence of other eye diseases like high myopia, retinitis
pigmentosa, cataract, macular degeneration, or very disabling brain
disorders. 33 eyes of 20 low vision patients (15 males and 5 females),
mean age of 43.12 years (range 16-84), were recruited. The eyes
were divided into two groups: A as a control (16 eyes), B treated with
LRRT (17 eyes). Each patient performed a base-line and 6 months
follow-up, complete eye examination including BCVA (logMAR),
near visus (pt), threshold sensitivity (TS) by Maia microperimetry
(dB) and fundus examination. The tenets of the Declaration of
Helsinki were observed.
Results: After 6 months, the mean BCVA in group A changed from
0.720 to 0.698 logMAR (+3.10% - P> 0.5), while group B from
0.638 to 0.632 logMAR (+0.95% - P> 0.5). Mean near visus in group
A changed from 25,38 to 25 pts (+1.50% - P> 0.5), while in B from
25,53 to 18,76 pts (+25.52% - P> 0.5). Mean TS in group A changed
from 6.27 to 6.59 dB (+6.16% - P> 0.5) while in B from 7.37 to 9,09
dB (+23.34% - P> 0.5). In all eyes near visus was achieved with
mean magnification of 3X.
Conclusions: This study shows that the LRRT may improve visual
performance in visually impaired patients. Further studies are
encourage to determine if biological rehabilitation is possible with
cell-based therapy as retinal neuroenhancement.

Mean near visus in group A changed from 25,38 to 25 pts (+1.50%),
while in B from 25,53 to 18,76 pts (+25.52%).

Mean TS in group A changed from 6.27 to 6.59 dB (+6.16%), while
in B from 7.37 to 9,09 dB (+23.34%).
Commercial Relationships: Paolo G. Limoli, None;
Marcella Nebbioso, None; Enzo Maria Vingolo, None;
Marco U. Morales, None; Celeste Limoli, None; Sergio
Zaccaria Scalinci, None
Program Number: 1366 Poster Board Number: A0387
Presentation Time: 8:30 AM–10:15 AM
Axotomy-induced retinal ganglion cell death is attenuated by
pluripotent cells isolated from the retinal ciliary body
Fernando Lucas-Ruiz1, Marta Fernández-Nogales2,
F Javier Valiente-Soriano1, Francisco M. Nadal-Nicolas1,
Diana Baeza2, Eloisa Herrera González de Molina2,
Marta Agudo-Barriuso1. 1Experimental Ophthalmology,
IMIB-Arrixaca, El Palmar, Spain; 2Instituto de Neurociencias
(CSIC-UMH), Alicante, Spain.
Purpose: To investigate the therapeutic potential of pluripotent cells
isolated from the ciliary body (CBCs) of adult retinas on the survival
of retinal ganglion cells (RGCs) after axonal injury.
Methods: CBCs isolated from C57/Bl6 adult mice were administered
into the vitreous body of mice right after performing optic nerve
crush. Two additional groups were used as controls: a group injected
only with the vehicle (HBSS) and another group injected with CBCs
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into intact retinas (n=6-10/group). Axotomized and control retinas
were analyzed at different time points after the lesion and the number
of surviving RGCs was quantified.
Results: In control retinas we observed that vehicle or CBCs are
not toxic for RGCs, nor they divide or form tumors. Compared to
vehicle, treatment with CBCs increased the survival of axotomized
RGCs at all time points, being the beneficial effect more apparent at
longer time periods, reaching up to an 83% at 14 days and 70% at 30
days more survival than in vehicle-treated retinas.
Conclusions: The injection of CBCs in optic nerve axotomized
mice delays RGCs death suggesting that these cells may have a
neuroprotective effect after axonal injury.
Commercial Relationships: Fernando Lucas-Ruiz;
Marta Fernández-Nogales, None; F Javier Valiente-Soriano,
None; Francisco M. Nadal-Nicolas, None; Diana Baeza, None;
Eloisa Herrera González de Molina, None;
Marta Agudo-Barriuso, None
Support: Fundació La Marató de TV3 (MALALTIES
NEURODEGENERATIVES 2013, PROJECTE 20142130/20142131)
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Neuroprotective effect of mesenchymal stem cells isolated from
the Wharton’s jelly of the human umbilical cord
Marta Agudo-Barriuso1, José E. Millan-Rivero2,
Francisco M. Nadal-Nicolas1, David García-Bernal2,
Paloma Sobrado-Calvo1, Miguel Blanquer2, Manuel Vidal-Sanz1,
Jose M. Moraleda2. 1Oftlamología Experimental, Instituto Murciano
de Investigación Biosanitaria-Virgen de la Arrixaca, El Palmar, Spain;
2
Unidad de Hematología y Transplante Hematopoyético, Instituto
Murciano de Investigación Biosanitaria Virgen de la Arrixaca, El
Palmar, Spain.
Purpose: Traumatic injury to mammalian central nervous system
(CNS) neurons causes an immediate and irrecoverable loss of
function and the death of the wounded neurons Optic nerve axotomy
triggers the specific death of retinal ganglion cells (RGCs). Using
this very well characterized model of CNS trauma, we have analyzed
in vivo the neuroprotective properties of mesenchymal stem cells
isolated from the Wharton’s jelly of the human umbilical cord
(hWJ-MSCs) on axotomized rat RGCs.
Methods: hWJ-MSCs were isolated from 3 different human
umbilical cords and characterized regarding its differentiation
capacity, immunophenotype, and immunomodulatory properties as
stated by the International Society for Cellular Therapy (ISCT). hWJMSCs were administered into the vitreous chamber of adult albino
rats. Three animal groups were done: i/ intravitreal administration of
hWJ-MSCs into intact eyes, to study toxicity,
ii/ optic nerve crush (ONC) and intravitreal administration of hWJMSCs, to study RGC neuroprotection and, iii/ ONC plus intravitreal
administration of vehicle, as the control group. Retinas were analyzed
by immunodetection, western blotting or ELISA.
Results: Our data show that hWJ-MSCs administered intravitreally
are neither toxic nor tumorigenic. In injured retinas, RGC survival
was significantly higher in the hWJ-MSCs-treated groups compared
to vehicle ones (twofold at 7 days and threefold at 14 days post
lesion). Furthermore, there is no difference in the neuroprotection
conferred by hWJ-MSCs isolated from different umbilical cords.
Finally, there is significant increase of neurotrophic factors, in injured
and transplanted retinas vs. injured ones
Conclusions: All these data indicate that mesenchymal stem cells
isolated from the human umbilical cord are a promising therapy to
treat the injured mammalian CNS, and that their neuroprotective

capacities might be mediated, at least in part, by secretion of
neurotrophic factors
Commercial Relationships: Marta Agudo-Barriuso, None;
José E. Millan-Rivero, None; Francisco M. Nadal-Nicolas,
None; David García-Bernal, None; Paloma Sobrado-Calvo,
None; Miguel Blanquer, None; Manuel Vidal-Sanz, None;
Jose M. Moraleda, None
Support: Spanish Ministry of Economy and Competitiveness:
ISCIII-FEDER “Una manera de hacer Europa” (PI13/00643;
PI16/00031). Instituto de Salud Carlos III (RD12/0019/0001): Red
de Terapia Celular, RETICS subprogram (Co-funded by European
Regional Development Fund/European Social Fund).
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Genetic engineering for enriched retinal ganglion cell production
from primary retinal culture
Steven W. Wang. Systems Biology, U.T. M.D. Anderson Cancer
Center, Houston, TX.
Purpose: Stem cell research pushed in vitro neuronal production to
new heights. However, stem cells for retinal ganglion cell (RGC)
production, or any other projection neurons, remain lacking amid
countless efforts and claims. The purpose of this study, distinct from
the conventional induction formulation, is to explore genetic methods
for enriched RGC production.
Methods: During retinogenesis, Hes1 and Atoh7 (Math5) play
opposing roles in keeping cells in a proliferative state and permitting
neuronal differentiation. I exploited these countering traits by
conditionally replacing the Atoh7 coding sequence with a floxed
Hes1 and placing Atoh7 downstream of the floxed Hes1 to allow later
Atoh7 reactivation – Atoh7flHes1/flHes1. To remove Hes1, restore Atoh7,
and trace the produced cells, a stable Math5flHes1/flHes1;Ai9;CreER
line was generated. Neurospheres were cultured from dissociated
Atoh7flHes1/flHes1;Ai9;CreER retinas collected between embryonic
day 13 (E13) and E15. Neurospheres were dissociated, treated with
4OH-Tamoxifen, and cultured on varies substrates in RGC promoting
media.
Results: Dissociated retinal cells from the Atoh7flHes1/flHes1 retinas
produce at least 6 times more neurospheres than their wildtype
counterparts indicating the employed genetic strategy pomotes cell
proliferation. Dissociated neurosphere cells did not continue to
proliferate after removal of flHes1 and restoration of Atoh7. Greater
than 95% of these cells are positive of all 5 RGC markers tested.
When cultured on laminin-coated substrate, the cells do not resemble
RGCs. They exhibited a flattened cytoplasm closely attached to the
substrate. Most notably, when cultured on a monolayer of retinal
cells derived from Atoh7-null mice, most of the cells extended long
axons and complex neurite structures representing typical RGC
morphologies.
Conclusions: Using a novel genetic engineering approach, I report
here the first time, a readily accessible way to produce large numbers
of RGCs in vitro. This will now afford us the opportunity to study in
more detail the molecular features of neurosphere-derived RGCs, and
their in vitro properties. In addition, these in vitro-produced RGCs
will allow us to devise new strategies for transplanting RGCs into
RGC-deficient retinas from a host of useful mouse models.
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differentiation of these RGCs resulted in increased complexity of
RGC morphologies, as well as a temporal increase in the expression
of synaptic markers. Overall, the results of this study indicate the
ability of hPSC-derived RGCs to acquire advancing features of
maturation, with important implications for disease modeling, drug
screening, and cellular replacement therapies.
Commercial Relationships: Sarah Ohlemacher, Indiana
University (P); Akshayalakshmi Sridhar, None; Yucheng Xiao,
None; Anthony Baucum, None; Theodore Cummins, None;
Jason S. Meyer, Wisconsin Alumni Research Foundation (P),
Indiana University (P)
Support: NEI R01 EY4693837, NIH TL1TR001107

RGC-like morphologies can be seen in live cells (tdTomato)
dissociated from neurospheres and allowed to differentiated in vitro.
Commercial Relationships: Steven W. Wang, None
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Analysis of Retinal Ganglion Cell Development and Maturation
From Human Pluripotent Stem Cells
Sarah Ohlemacher1, Akshayalakshmi Sridhar1, Yucheng Xiao1,
Anthony Baucum1, 2, Theodore Cummins1, 2, Jason S. Meyer1, 2.
1
IUPUI/Biology, IUPUI, Indianapolis, IN; 2Stark Neurosciences
Research Institute, Indiana University, Indianapolis, IN.
Purpose: Retinal ganglion cells (RGCs) serve as the primary
connection from the eye to the brain, allowing for normal visual
processing. Loss of RGCs leads to devastating blinding disorders
termed optic neuropathies. Human pluripotent stem cells (hPSCs)
allow for the development of a variety of translational applications
for optic neuropathies, including cell replacement, drug screening,
and disease modeling. To date, however, little attention has been paid
to the degree of maturation of these hPSC-derived RGCs, limiting
their ability to serve as effective tools for the study and/or treatment
of optic neuropathies.
Methods: A stepwise differentiation protocol was utilized to direct
the differentiation of hPSCs toward a retinal lineage, as previously
described. Within the first 40 days of differentiation, RGCs could
be definitively identified by gene expression and morphological
characteristics. RGCs were grown in culture for up to 12 weeks, at
which point the degree of maturation of these RGCs was monitored
by immunocytochemistry, electrophysiology, and western blot
analyses.
Results: Initially, hPSC-derived RGCs were identified based on the
expression of BRN3. Following the dissociation and plating of these
cells, morphological and phenotypic features associated with RGCs
arose over time. Throughout the course of 12 weeks, the degree of
dendritic and axonal extensions were analyzed, with corresponding
increases in complexity over time. Additionally, the survival and
proliferation of RGCs was monitored by the expression of activated
caspase-3 and Ki-67, respectively. Furthermore, the ability of these
RGCs to adopt features of developing synapses was analyzed based
on the expression of synaptic proteins by Western blot. Ongoing
experiments aim to test the ability to enhance the timing and efficacy
of RGC maturation from hPSCs.
Conclusions: The results presented above demonstrate the ability
to reliably and efficiently derive RGCs from hPSCs. Prolonged
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Extensive Axonal Outgrowth and Pathfinding from Retinal
Ganglion Cells Derived From Human Pluripotent Stem Cells
Clarisse Fligor1, Akshayalakshmi Sridhar1, Valentin Sluch3,
Donald J. Zack3, Daniel Suter4, Jason S. Meyer1, 2. 1Biology, IUPUI,
Indianapolis, IN; 2Stark Neurosciences Research Institute, Indiana
University, Indianapolis, IN; 3Wilmer Eye Institute, Johns Hopkins
University, Baltimore, MD; 4Biology, Purdue University, West
Lafayette, IN.
Purpose: Retinal ganglion cells (RGCs) serve as a vital connection
between the eye and the brain and as such, degenerative diseases and
injuries which cause the loss of RGCs often lead to blindness. Human
pluripotent stem cells (hPSCs) are attractive candidates for cell
replacement therapies, due to the ability to direct their differentiation
into any desired cell type, including RGCs. However, in order for
successful replacement of RGCs to occur, axons must extend across
significant distances to reach their targets. Thus, experiments were
designed to test the outgrowth and pathfinding of hPSC-derived
RGCs in response to a variety of extrinsic cues.
Methods: hPSCs were differentiated into RGCs following previously
established protocols. Initially, RGCs were characterized by
immunocytochemistry for the expression of several RGC-associated
markers. Subsequently, assays were developed to test the degree
of neurite outgrowth from these RGCs. Furthermore, the ability to
enhance RGC neurite outgrowth was analyzed in response to multiple
factors, including varying substrates, culture media and growth
factors.
Results: hPSC-derived RGCs were preliminarily identified by
the expression of BRN3, which was found to co-localize with
the expression of many other RGC-associated markers. Enriched
populations of RGCs were isolated and plated to allow for neurite
outgrowth, with significant outgrowth observed within the first 24
hours. Growth cones were rapidly observed at the leading edge of
extending neurites, with these growth cones enriched for F-actin
and expressing essential guidance receptors. The effects of varying
substrates and media compositions were tested on hPSC-derived
RGCs, with optimal neurite outgrowth at a rate of approximately 50
µm/hr, or greater than 1 mm in the first 24 hours of growth.
Conclusions: The results of this study demonstrate the robust ability
of hPSC-derived RGCs to extend axons over long distances. By
extension, opportunities exist by which to control the directionality
of axonal outgrowth as well. Overall, these results will facilitate
the replacement of RGCs following their loss due to disease and
degeneration, as extensive axonal outgrowth will be critical for
the development of personalized transplant therapies for optic
neuropathies.
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Molecular Characterization of Retinal Ganglion Cell Subtypes
Derived from Human Induced Pluripotent Stem Cells
Kirstin Langer1, Sarah Ohlemacher1, Jason S. Meyer1, 2. 1Biology,
Indiana University Purdue University Indianapolis, Indianapolis,
IN; 2Stark Neurosciences Research Institute, Indiana University,
Indianapolis, IN.
Purpose: Retinal ganglion cells (RGCs) provide a vital connection
between the eye and the brain, and damage to these cells is associated
with a number of blinding disorders. While this function is shared
among nearly all RGCs, this class of cells is comprised of multiple
subtypes which have been recently identified by their expression
of specific molecular markers. The ability to derive RGCs from
human pluripotent stem cells (hPSCs) would allow for the in vitro
analysis of these cells as well as how they may be adversely affected
in developmental and degenerative disorders of the visual system.
Thus, efforts were undertaken to examine the ability to direct
the differentiation of hPSCs to each of the major classes of RGC
subtypes.
Methods: hPSCs were differentiated following a predicted,
stepwise protocol that closely mimics the major stages of human
retinogenesis. At selected time points over a period of eighty days,
immunocytochemistry analyses were performed to characterize the
derivation of retinal ganglion cell types based on specific molecular
markers. Further characterization of these cells was performed by
qPCR analysis to test the combinatorial expression of molecular
markers associated with the major classes of RGC subtypes.
Results: RGCs were initially identified within the first 40 days of
differentiation based on the expression of the BRN3 transcription
factor. Prolonged growth and differentiation of these cells yielded
elaborate and lengthy neurite extensions, characteristic of RGCs.
Retinal ganglion cell subtypes were molecularly characterized
by expression of transcription factors and proteins using
immunocytochemistry, including direction selective RGCs, alpha
RGCs, and intrinsically photosensitive RGCs. Additionally, qPCR
analysis verified the differentiation of these RGC subtypes through
the combinatorial expression of cell type-specific molecular markers.
Conclusions: The results of this study demonstrate the ability of
hPSCs to effectively differentiate into a variety of RGC subtypes. As
such, these cells will facilitate a more comprehensive study of human
retinal ganglion cell development. Furthermore, when derived from
patient-specific cell lines, these results will enable a more detailed
analysis of the effects of neurodegenerative disorders upon each of
these classes of RGC subtypes.
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Promoting functional maturation of human iPS cell-derived
retinal ganglion cells by a 3D/2D stepwise differentiation protocol
ORIANE O. RABESANDRATANA, Antoine J. Chaffiol,
Amélie Slembrouck, Sacha Reichman, Céline Nanteau,
Giuliana Gagliardi, Jens Duebel, Olivier Goureau, Gael Orieux.
Institut de la Vision, Sorbonne Universités UPMC-Paris 06 ;
INSERM U968 ;CNRS UMR7210, Paris, France.

Purpose: Optic neuropathies have currently no effective treatment
to stop the progressive loss of retinal ganglion cells (RGCs) and the
degeneration of the optic nerve. Stem cell-based therapy using human
induced pluripotent stem cells (hiPSCs) is one of the most promising
strategy to replace lost RGCs. The present work displayed the
optimized generation and characterization of purified hiPSC-derived
RGCs, based on our retinal differentiation method using adherent
hiPSCs.
Methods: 3D retinal organoids containing RGCs were generated
according to our previous protocol (Reichman et al. PNAS 2014;
111:8518). To promote RGC axonal growth, retinal organoids were
dissociated to further cultured retinal cells onto poly-D-lysin/laminin
coated plates. At different time points, maturation of hiPSC-derived
RGCs was evaluated by immunohistochemistry with specific RGC
markers and by electrophysiological recordings. For cell separation,
cells were dissociated into single cells, immunostained with a
CD90 antibody and Magnetic-Activated Cell Sorting (MACS) was
performed by using anti-CD90 microbeads. Dissociated retinal
cells (unsorted, CD90- and CD90+ fractions) were analyzed and
characterized by cytofluorometry, immunohistochemistry and
electrophysiological recordings.
Results: Dissociated cells from retinal organoids cultured in 2D,
expressed specific RGC markers (BRN3A, ISLET1, RBPMS,
ATOH7, CD90). Axonal growth was highlighted by the expression
of CD90 and βIII tubulin. Cytofluorometric analysis revealed an
enrichment up to 87% of RGCs based on CD90 expression after
MACS purification. On both unsorted and CD90+ cells, whole-cell
patch-clamp recording revealed that hiPSC-derived RGCs displayed
voltage-dependent currents (up to 1500pA at +40mV). Furthermore,
action potentials were triggered by depolarizing current injections
(+40pA from the resting membrane potential), and in some cells
spontaneous spiking was observed.
Conclusions: Our results support promotion of axonal growth of
hiPSC-derived RGCs in adherent culture conditions. MACS of
CD90+ cells resulted in a significant enrichment of RGCs exhibiting
specific RGC electrophysiological profile, which will be of a great
utility for future clinical translation. For this purpose, the ability of
hiPSC-derived RGCs to survive, to fully differentiate and to establish
new connections with the brain has to be demonstrated.
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Differentiation and transplantation of IPSc derived retinal
ganglion cells
Tomas Minelli1, 2, Michael J. Young1, Petr Baranov1. 1Department of
Ophthalmology, Schepens Eye Research Institute, Massachusetts Eye
and Ear,Harvard Medical School, Boston, MA; 2University of São
Paulo Medical School, São Paulo, Brazil.
Purpose: Optic neuropathies lead to irreversible retinal ganglion cell
(RGC) death, followed by
progressive vision loss. The transplantation of donor RGCs into
the retina may someday be a viable therapeutic option and proof of
concept studies have demonstrated that it is possible to isolate RGCs
from the developing retina and deliver them into the eye. However,
translation of this approach to the clinic requires a more robust and
scalable approach for cell manufacture. Here we have developed
a rapid and scalable method for in vitro RGC differentiation from
induced pluripotent stem cells (iPSC) using a 3D culture protocol.
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Methods: Thy1-GFP IPSCs were cultured in conical low attachment
96 well plates to form an
aggregate. Optic vesicle formation was induced with the addition of
Matrigel® to the medium at day 2 and the culture was kept in low
serum medium for 9 days. After day 9 the medium was replaced for a
serum free medium containing NS21 that was changed every 3 days.
Cells were collected at day 16 and sorted using fluorescence activated
cell sorting. We compared the efficiency of differentiation starting
with 1500 cells vs. 15000 cells. RT-PCR and flow cytometry was
performed to study retinal and RGC marker expression at different
timepoints of differentiation. For transplantation 10,000 cells were
delivered intravitreally into normal B6 mice. Eyes were enucleated
and analyzed 2 weeks after injection.
Results: Aggregates formed optic vesicle/cup structures in both
conditions and cells generated
after 16 days of differentiation expressed markers specific for RGCs
(Math5, Isl1, Brn3a). The yield of Thy1-GFP+ cells collected was

not significantly different between two conditions (3.2% vs 1.5%,
in 15000 cells/well vs. 1500 cells/well, p=0.33). Thy1-GFP cells
replated after dissociation acquired neuronal morphology and grew
processes. We were also able to identify donor Thy1-GFP cells for at
least 2 weeks after the transplantation with characteristic neurite- like
processes.
Conclusions: Here we show that RGCs can be differentiated and
isolated from mouse induced
pluripotent stem cells. Our transplantation work warrants further
studies in animal models of optic neuropathies including glaucoma
and optic nerve damage.
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